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Reviews.
[April, In a former number of this Journal,* we directed attention to some points in connexion with the circulation of the blood, but we were then unable to proceed further than to a consideration of a few of the more important phenomena which accompany the action of the heart, and the special subjects we discussed were the movements, the rhythmic action, and the causes of the sounds, of that organ. In returning to the subject of the circulation, we do so in order to complete more fully the sketch we then commenced, and because we believe that there remain many other topics in connexion with it which it is desirable to discuss at the present time, and inasmuch as it will afford us an opportunity of laying before our readers some of the results of the recent investigations of physiologists in this most important department of their science. Notwithstanding the labours which have been devoted to this subject, we are compelled to admit, when we come fairly to examine it in all its bearings, that there are many points in connexion with it on which sound principles are yet to be laid down, many facts which require further elucidation. For numerous reasons it is important from time to time to take a review of the various investigations that have been made, to consider any new facts that have been brought forward, any new doctrines that have been advanced, and surveying them from the vantage-ground we already occupy, and in the light of principles already established, to see whether our more enlarged observations and extended researches are paving the way for a more satisfactory explanation of the obscurer parts of the subject we are examining. It is impossible for any one who is engaged in the practice of medicine to do other than recognise the vast importance of a thorough knowledge of the phenomena which accompany the circulation of the blood, and of the principles by which it is regulated. "We venture to assert that there are no facts in connexion with the whole range of pathological symptoms, especially those of acute diseases, which have so important a bearing on our diagnosis of the general condition of a patient, and so influence our treatment, as those which relate to the state of the vascular system. We cannot too highly appreciate the labours of the physiologist who endeavours to simplify our views of the circulation, to lay down correct general principles, and by the light-he throws on the various processes which take place in the vascular organs in health, to give us an insight into, and enable us to explain, their condition in the various stages of diseased action. It can scarcely be said that there are any points relating to this subject which are not of interest and importance to the practical * See Journal of April, 18G0?art.," Cardiac Physiology." physician, and which do not demand from him a careful investigation; but whilst we admit this, we must also confess how impossible it is for him practically to study the subject in all its ramifications; and hence we would gladly welcome from time to time, on this and kindred subjects, a resume of the labours in which others have been engaged, with a general outline of the means they have employed, and of the principles they have established.
But if to the practitioner of medicine a knowledge of the principles which regulate the circulation of the blood is of such importance, how much more so does it become to those who are engaged in the duties of teaching in our various medical schools 1 We may safely say that the advance of rational and scientific medicine dates from the time when
Harvey made his great discovery; and the improvements which this century has witnessed, especially in our means of diagnosing the various diseases of the heart and other circulating organs, have been in no small degree brought about by an improved knowledge of the functions of these organs. Of late years, the labours of British physiologists have not been so much directed to this subject as to some other departments of our science, and most of the facts to which we shall have to direct attention in the succeeding pages will be gathered from the writings of those who belong to Continental schools, and who in this, as well as in some other provinces of physiology and pathology, have worked nioi'e diligently and successfully than our own countrymen.
Although Ave may have in the course of this article to refer to some pathological facts which may have a bearing on the principles we may attempt to establish, we do not at all propose to enter into a general consideration of the morbid changes to which the bloodvessels are subject, and more especially shall Ave avoid any examination of those alterations which take place as the result of inflammatory action. We propose briefly to consider the nature of the capillary circulation, and to offer some remarks on the so-called capillary power, but Ave do not intend to enter into any questions connected Avith the pathology of the capillary vessels. Whilst, however, we omit these topics, Ave propose to refer to some of the modifications which inflammatory diseases, especially of an acute kind, produce in the force and frequency of the action of the heart, and in the tension of the arterial system. We are very strongly impressed Avith the importance of studying in a moi*e accurate and scientific manner than has been previously done, the varying conditions of the pulse, and the indications they afford. We look upon this as essentially a practical question, and as having a direct bearing on the diagnosis and treatment of many of the more important diseases Avhich come under our notice.
One of the questions which Ave meet with on the very threshold of the present inquiry is, as to the influence exercised by the heart on the movement of the blood. Are we to regard this organ as the sole propelling power which exists in the vascular system?as abundantly sufficient by the force of its contraction to circulate the blood? Or are Ave to consider1, AA'ith some physiologists, that the influence it exerts is but small?that it plays a secondary part in the circulation? Or, again, .
[April, are we, with a tliird set of inquirers, to attribute the chief force to this organ, admitting the existence of certain " residual phenomena," of certain other powers, which are constantly exerted in producing the onward movement of the blood'? The inquiry is one on which a great variety of opinions will be found ; and it is impossible to rise from a perusal of the writings of those who have made it the subject of their investigations, and from a consideration of the phenomena themselves, without a strong conviction that, with reference to the relative power exercised by the heart, the arteries, and the capillaries on the movement of the blood, correct principles yet remain to be established; rather, perhaps, from accurate reasoning on the data, both physiological and pathological, already acquired, than from a further repetition of experimental research.
The force exercised by the heart has been the subject of much discussion.
To us it appears that the most important point to be established is, not as to the exact force the heart exercises, but whether that force is sufficient to propel the blood throughout the various parts of the vascular system, and bring it back again to the central organ.
We shall not dwell on the means that have been resorted to by different physiologists in estimating the force of the heart's action, which has been at different times considered as 180,000 lbs. and 5 oz.
In mentioning the names of Borelli, Keill, Michelotti, Hales, Poiseuille, Magendie, and Yolkmann, we shall recal to the minds of those who are familiar with our subject the theories these physiologists advanced.
"We think that Hales was the first who established, on a sound basis, a theory of the force exercised by the heart. Profiting by the errors into which Keill and Michelotti had fallen, he adopted the principle of measuring the heart's force by the height of the column of blood it would sustain.
To effect this, he introduced into one of the arteries near the heart a long glass tube, and he found that the blood rose in the tube to the height of eight to nine feet in horses, to upwards of six feet in sheep, and of four feet in deer; whilst in dogs of large size it rose to the height of six to eight feet, and in those of small size, three to four feet.
Hales next proceeded to ascertain the extent of the internal surface of the left ventricle, which he found, according to the plan of measurement he adopted, to be twenty-six square inches in the horse.
Multiplying this by the height to which the column of blood rose, he arrived at the conclusion that the force exerted by the We are not inclined to attach very great practical importance to the estimate of the force of the heart given by different physiologists, and we believe that there has been a tendency rather to overrate the power it exercises.
The well-known experiment of Dr.' Sharpey, to which we shall again refer, proves that a comparatively small pressure is able to complete the circulation in a dead animal; and although it may be said that such an experiment as this does not prove that the same force is equal to the production of the same result in the living animal, yet we are disposed to think that more impediment to the onward flow of a fluid must exist after death than during life. If even we regard, as some physiologists have done, the power of the heart as almost entirely used for the purpose of dilating the arteries, so as to bring into play their elastic reaction, it is quite certain that, in this respect, the living artery would possess a great advantage over the dead, and that its walls would react with greater force on their contents ; but if we consider that the power of the heart is partly lost in pushing on the blood, and partly in distending the arterial coats, we still think that the dead tube is placed at a disadvantage, and would require more force to circulate its contents.
A subject which is of more importance for us to consider than the total amount of force exercised by the heart in its contractions, is the pressure with which the blood, propelled by the ventricular systole, enters the arterial system. We shall have to consider this question more fully as regards the different parts of the system when we come to speak of the circulation in the arteries; but inasmuch as the pressure to which we now allude is essentially due to the ventricular contraction, We must take it into consideration at the present time.
The study of the variations of which this pressure is susceptible will, we think, tend to throw light on the conditions which regulate its development. Hales, by his experiments, showed the height to which Reviews.
[April, a column of blood would rise near tlie heart; but M. whilst, when the cardiometer is inserted into an artery more or less distant from the heart, the effects are much more complex, and during the diastole of the heart the mercurial column is maintained at a certain height, above "which it is raised momentarily at every blow of the cardiac pump. M. Bernard calls the pressure on which the constant elevation depends, the arterial pressure, whilst that which momentarily raises the column to a greater height he calls the cardiac pressure.
As we shall have to dwell at some length on the pressure exercised by the arteries on the blood, in a subsequent part of this article, we shall only remark here that, unless we attribute some other power to the arteries, other than that which is usually attributed to them, we nor yet with the arguments by which it is attempted to be maintained. We hold that the function of the heart is primarily to move the blood, to impel it onwards throughout the vascular system, aud that the action of the organ on the arteries is a secondary and not a primary function.
We think that the principles which regulate the passage of fluids through elastic tubes out of the body, will apply to the circulation of the blood in the arteries within the body. We cannot see on what principle Dr. Black advocates his view, unless it be that the bloodvessels are constantly tending to contract on their contents and obliterate their calibre ; but this appears to us by no means to prove that all the force of the heart is exercised in distending the vessels and bringing into play their elastic spring. As each supply of blood is propelled into the arteries, it must needs happen that the fluid will press equally in all directions, as well forwards as laterally, and thus an onward movement will be directly communicated to the fluid they already contain. We do not see the force of Dr. Black's argument in the latter paragraph we have quoted, that the power of the heart is directed to one object; we believe that the power is divided, in fact, we cannot understand how it can be otherwise than divided. Again, we must join issue with Dr. Black as to his view with regard to the flow of blood in the arteries being equally continuous, as in the capillaries and veins. We think that the experiments we shall hereafter allude to, with reference to the pulsation of the arterial tubes, will abundantly prove the difference of tension which exists in them at different pei'iods, and we cannot see how, with an intermittent supply of blood, and with positive evidence of the existence of unequal pressure, there can possibly be an equably continuous flow. Further, we know that it depends on the condition of the arterial tubes whether the unequal flow of blood shall be sooner or later converted into an equal and uniform stream, for in certain states of the bloodvessels, the rhythmical action becomes perceptible in the capillaries and veins themselves, and these results are similar to others which may be produced in operating on tubes out of the body. We The attention of physicists has not been sufficiently directed to this fact, but it appears from the experiments of Dr. Marey, which are of a most satisfactory kind, that when there is an intermitting impulsion, the pressure being equal in two tubes of the same diameter', one elastic, the other rigid, the quantity of liquid passing through the elastic tube is much greater than through the rigid one. M. Milne-Edwards thus explains this fact with reference to the circulation of the blood: "The obstacle which is opposed to the free passage of the liquid put in motion by the cardiac pump, results principally from the frictions ot the liquid against the walls of the vessels which contain it, and physics teach us that the frictions increase as the square of the velocity of the current. Now, the elasticity of the tube has the effect of retarding the movement given to the blood during the ventricular systole, and of continuing the movement during the period of repose ; the displacement of a given volume of liquid is thus effected in a little less than double the time it would employ if the arteries were rigid tubes, and the rapidity of the current being reduced in the same proportion, the resistances must be diminished as the squares of the numbers representing the different velocities. Thus the extensibility and elasticity of the arterial walls play a very important part in the work of the circulation." (p. 170.) "We do not think it necessary to dwell at any length on the subject of the dilatation of the arteries during the systole of the heart. We incline to the opinion that it is impossible on the ordinary principles of hydraulics, to understand how the circulation could be carried on, how vessels resembling the arteries could receive the blood into them at each systole of the heart, without undergoing a dilatation as well as an elongation. 1STot But the pressure of the blood in the arteries is constantly undeigoing a change, and especially so in the vessels near the heart. An each ventricular systole takes place there is increased pressure, and this is indicated by a rapid rise of the mercury. During diastole of the heart, however, the pressure diminishes, and consequently, the mercury in the manometer falls, but only to a certain level, at which it remains standing till the next ventricular contraction takes place. This difference in the height of the column at these two periods is sometimes very considerable, as we have before stated. Dr. Marey has shown, by a very ingenious experiment, the effect which is produced on the tension of vessels, through which fluid is passing, by a change in their diameter ; and has thus illustrated the results which take place in the vascular system of the body, when an enlargement or dilatation of the capillaries is produced. If we have a tube with piezometers connected with it, in which tube there are three portions, of three different diameters, corresponding to arteries, capillaries, and veins, and fluid be injected through the arterial portion towards the venous, it will be found that the tension will be very great in the part corresponding with the arteries, and the level of the piezometers will there be high; but the level will fall rapidly in the capillary portion, and in the succeeding or venous portion the tension will be very feeble. If now the capillary portion be dilated, the other parts remaining the same, the level of the piezometers will immediately change. In fact, Reviews. [April, the tension will diminish in the first or arterial portion, it will be increased in the capillary portion, and so likewise in the venous.
We wish at the present time to make one or two observations on a subject we have already touched upon?viz., the distinction which has been sought to be made between the cardiac and the arterial pres-
Knowing what we do of the flow of the blood, of its intermittent supply at one extremity, and its constant and uniform stream at the other, and recognising the one as the result of the direct action of the heart, and the other of the elastic reaction of the arteries, we are not surprised that some physiologists, in speaking of the lateral arterial pressure, have alluded to the action of the heart as one force, and that of the vessels themselves as a totally distinct, separate, and independent force. Now, whatever influence the arteries may possess by virtue of their elastic property, in circulating the blood and in producing the arterial pressure, it is quite clear that this force is but a restored one, that it is all derived from the impulse of the heart; that it has been brought into play by the distension which the cardiac pump has produced, and therefore that the continuous flow of blood through the capillaries and into the veins, as well as the power which keeps the manometric column of mercury standing at a certain level, during the ventricular diastole, are both due to the action of the heart.
The influence produced by the respiratory process on the movement of the blood along the arteries, and in modifying the arterial pressure, has received the attention of numerous physiologists, and the general results which have attended their investigations have pointed out that the expiratory act has a tendency to aid the action of the heart in propelling the blood, whilst that of inspiration has an exactly opposite effect.
When the chest is contracted during expiration, the pressure which is developed is exerted on the blood contained in the vessels within the chest, and tends to drive out their contents ; whilst the inspiratory act removes the pressure, and tends to allow a larger quantity of blood to remain in the vessels. As the action of the respiratory apparatus and the cardiac pump are not synchronous, it will only be at times that the accelerating force produced by the contraction of the thorax, will coincide with the impulse given by the left ventricle, so as to increase its effects. At other times the expiratory pressure will contribute to promote the flow of blood in the arterial system during the diastole of the heart.
The Although Galen and Harvey attributed the pulsation in the arteries to their dilatation, the opinions they held of the cause of the dilatation, and of the way in which the pulse was produced, were diametrically opposed. Galen considered that the dilatation of the arteries coincided with that of the heart, and he believed that the pulse was due to a force residing in the coats of the artery, and communicated to them from the heart itself.
The experiment he made use of to prove his point was this : having exposed an artery, he opened it longitudinally, and having placed in it a pervious tube, he tied the vessel in the tube; he found that the pulsation ceased beyond the ligature. When the action of the heart is imitated out of the body, and a liquid is injected at regular intervals into an elastic tube, which is so curved as to be brought into relation with three levers, or sphygmographs, fixed on an upright support, there being a length of tube equal to a metre, or somewhat more than a yard, between the points at which the levers are brought in contact with the tube, it is found that at each injection the levers are thrown into action, and if the rotating cylinder be at work, they will mark on it certain curves, as they rise and fall, and thus indicate the exact period at which pulsation begins, the time at which it reaches its maximum, and its period of decline. The paper which receives the markings of the sphygmograph is graduated by means of vertical and horizontal lines, the former serving for the valuation of the duration of the movements, the latter of their extent. A paper of this kind, which has been marked by the acting sphygmograph, presents us with a line for each lever, consisting of a series of curves, which will vary both in their height and length, in proportion as the pulsations which produce the movements of the lever are strong or feeble, prolonged or rapid. If we inspect a paper which has been mailed in the way we have just described by an hydraulic apparatus similar to the one alluded to above, we observe the fact stated by Dr. Marey:
"That all the pulsations commence at the same time, only they are not complete at the same instant. It follows from this that there is no real delay in the pulse, but only a delay for the maximum of the pulsation. Now as, according to the delicacy of our touch, we perceive the arterial pulsation at a moment more or less near to its commencement, all observers do not find an equal delay, because they have not a tactile sensibility equally developed, and that the delay is not a real quantity." * We think there can be no doubt that the same phenomena which are witnessed out of the body, in the apparatus used by Dr. Marey for his experiments, take place in the arterial tubes, and that there is no delay throughout these vessels in the commencement of the pulse, but only a delay in the period at which the pulse reaches its maximum. -It becomes important to consider how this result is effected, and the [April.
The pulse is, in this view, considered as the result of an undulation produced by the pressure of the blood on the aorta, and thence propagated along the walls of the arteries, and along the blood, by the elastic reaction of the vessels.
An objection was long ago raised to the wave theory as advanced by Weber and others, and in the 'Medical Gazette' for 1845 a communication on this subject will be found from an anonymous correspondent, and another from Dr. Thomas "Williams, which merit our attention at the present time in connexion with the theory of Dr. Marey we have just considered. Dr. Williams claims, with reference to the theory advanced in the communications, a priority of authorship.
In combating the wave-theory of the pulse, the anonymous author points out the fact that the pulsation in all the arteries, even the most remote, is perceived previous to the occurrence of the second sound of the heart, or in other words, before the closure of the semilunar valves, and he maintains that if the pulse were due to the elastic reaction of successive portions of the arterial tubes, it ought, except in those vessels whose pulse is dependent on the first wave of blood, to follow the second sound of the heart, for no artei-ial contraction could exert any force in aid of the circulation until after the closure of the aortic valves.
He admits that a delay takes place in the pulse of the vessels of the foot, as compared with the carotid, of one-sixth to one-seventh of a second, and the theory he advances of the pulse is as follows : " 1st. The cause of the pulsation felt in the arteries is their progressive and universal distension by the blood expelled by the left ventricle. " 2nd. This distension isdue to the direct force of the left ventricle; not to that force transmitted by the successive undulatory contractions of the arterial walls.
" 3rd. This distension still partakes of the character of one long wave, in so far that the first part of the arterial tube is necessarily dilated before the middle and last parts; but still the dilatation of these middle and last portions is not due to the contraction of those portions of the arterial tube which are nearer the heart than they are."
We are quite satisfied that the statement made by the author of the above theory, with reference to the pulsation in the extreme arteries being perceptible before the occurrence of the second sound of the heart is correct ; but the question appears to us to be, whether it has reached its maximum before the closure of the valves is accomplished. We are of opinion that the fact, as stated by Dr. Marey, of the simultaneous commencement of a pulsation in the whole length of an elongated tube, must be considered as applying to the arterial system, and it appears to us to afford convincing evidence, the most complete that has ever been given, of the incorrectness of the wave-theory as advanced by Weber.
There Again, let us examine briefly into the condition of the arteries under a condition of feeble tension, and in what manner this is indicated by the sphygmograph. We have here the tubes not over-distended by their contents, with a yielding condition of their walls. It will necessarily happen that each impulse of blood from the heart will give rise to a sudden dilatation, and an almost equally sudden reaction of the vessels, and if the sphygmograph be applied to them, it will mark a rapid and almost vertical ascent of the lever, and a descent somewhat more prolonged, but still rapid.
It is obvious at once that the action of the heart will be materially modified by the tension of the arterial system. If the tension be great increased labour will be thrown on the central propelling organ, its contx-actions will be more powerful and more prolonged; whilst, on the other hand, a feeble tension, inasmuch as it offers but little resistance to the entrance of blood, and allows of easy distension of the arterial tubes, will call for less force on the part of the heart, the contractions of which will be frequent and rapid.
Most of our readers will probably be familiar with the phenomenon of the dicrotic pulse?a pulse in which there is a second feeble beat following the first. Various opinions have been expressed with reference to its cause. We believe it is of more frequent occurrence than is generally supposed, and it is important not only that its mode of production should be understood, but also the condition of the circulating organs, and of the system at large, which it indicates.
M. 
